Three new 12β-hydroxylated C 20 gibberellins have been isolated from strawberry fruitlets and their structures confirmed by synthesis from gibberellic acid. The key stages in the synthesis involved transannular hydroxylation using diacetoxy iodobenzene and oxidative cleavage of an enolate function by molecular oxygen.
Introduction
In a recent study of naturally occurring endogenous gibberellins ("GAs") in strawberry fruitlets, we discovered a family of 12,13-dihydroxylated C 20 GAs. 1 Three of these were identified as the 12α−hydroxy derivatives of GA 53 1, GA 44 2 and GA 19 3 ( Figure 1 ) by direct comparison with authentic samples and assigned as GA 123 , GA 124 and GA 125 , respectively. Three further GAs were tentatively identified as the corresponding 12β-epimers since they afforded mass spectra that were identical with the equivalent 12α-epimers, but possessed different retention times on GCMS. The product from this last step is a carboxy aldehyde in equilibrium with the hydroxy lactone 26 with a rate constant similar to that of the NMR time scale, so NMR spectra were poor (compounded by the diastereomeric THP groups). A sample was therefore methylated with diazomethane for characterization purposes. Removal of the THP group then revealed the dimethyl ester of 12β-hydroxy GA 19 (now assigned as GA 129 ), 10 identical with the sample prepared previously. 2 Reduction of 26 with NaBH 4 readily furnished the GA 44 analogue (= GA 128 ), but Wolff-Kishner reduction of 26, 28 or the corresponding dicarboxylic acid completely failed under conditions that have been successfully employed on GA 19 and several of its derivatives. 11 12β-hydroxy-GA 53 (GA 127 ) was subsequently prepared by applying the 12β-hydroxylation protocol to GA 53 , however. 12 With these three reference samples in hand, we were able to confirm by direct comparison (GCMS) the identity of the new strawberry GAs as tentatively assigned. 12-epi-GA 77 30 was also identified as an endogenous GA by direct comparison with an authentic sample 3 and is assigned as GA 130 . It is tempting to speculate, as with the 12α,13-dihydroxy GA series, that this collection of 12β-hydroxy GAs constitutes an early 12β,13-dihydroxylation biosynthetic pathway, but we suspect that in both cases it is more likely a consequence of indiscriminate hydroxylation by a C-12 dioxygenase. 
30
With these four GAs, the total of GAs isolated from strawberry fruit has reached 26, of which seven are new. Further novel GAs have also been isolated from this source and we will report on progress towards the determination of their structures shortly. This alternative approach to the synthesis of 12−hydroxy C 20 GAs is somewhat more efficient in terms of individual yields, but the sequence is similar in length to those of the earlier efforts. Varian VXR500 MHz instrument. Chemical shifts are reported as values in parts per million (δ ppm). For proton spectra recorded in chloroform, the residual peak of CHCl 3 was used as the internal reference (7.26 ppm) while the central peak of CDCl 3 (77.0 ppm) was used as the reference for 13 C spectra. Multiplicities are abbreviated: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling constants are recorded in Hertz (Hz) . When THP protecting groups have been utilized integrations relate to individual diastereomers; where peaks are superimposed integrations indicate the sum of both diastereomers. Thus a single methyl peak for the mixture integrates to 6H. Assignment has been made where possible with the anomeric protons of the diastereomers and designated as: THP-H1 and THP-H1' in 1 H NMR. Similarly, in the 13 C NMR, where possible, the anomeric carbon is assigned as: THP-C1 and THP-C1'. The remaining protons associated with the THP protecting group have been designated as 'THP' where possible. Distortionless enhancement by polarisation transfer (DEPT) and attached proton test (APT) experiments were used in the assignment of carbon spectra. Low resolution EI mass spectra (EIMS, 70 eV) were recorded on a VG Micromass 7070F double focussing mass spectrometer. Analytical thin layer chromatography (tlc) was conducted on Merck aluminium backed tlc sheets with silica gel 60 F 254 or Merck glass backed tlc plates coated with 0.2 mm thick silica gel GF 254 . The developed plates were visualized under shortwave ultraviolet light and exposed to an ammonium molybdate dip combined with heat. All flash chromatography was carried out using the flash technique as reported by Still 14 4 (347 mg, 9.19 mmol). The reaction was monitored by TLC analysis and was complete in 10 minutes. After diluting the reaction mixture with EtOAc (100 mL) the entire mixture was washed with K 2 HPO 4 (20% aqueous solution, 50 mL). The aqueous layer was further extracted with EtOAc (2 × 100 mL) and the combined organic extracts were washed with brine, dried over MgSO 4 , filtered and the solvent removed under reduced pressure. The residue was chromatographed (silica gel, EtOAc/petrol 3:1) to afford the title alcohol quantitatively (2.15 g) as a white amorphous solid. R f 0.4 (EtOAc/petrol 3:1). 1 . The diol prepared above (2.15 g, 6.2 mmol) was taken up in DCM (62 mL). After the addition of DMAP (catalytic) the solution was cooled to 0°C then Et 3 N (4.32 mL, 0.031 mmol) was added followed by dropwise addition of Ac 2 O (2.93 mL, 0.031 mmol). The reaction mixture was allowed to warm to room temperature and stirred overnight, by which time the reaction was complete. Ice was then added to the reaction mixture and after stirring for 30 minutes the mixture was diluted with EtOAc (100 mL) and HCl (1M aqueous solution, 80 mL) was added. The aqueous phase was extracted with EtOAc (3 × 100 mL) and the combined organic extracts were washed with H 2 O (100 mL) and brine. After being dried over MgSO 4 and filtered, the solvent was removed under reduced pressure to give the desired diacetate 17 (2.59 g, 97%) as a white amorphous solid. R f 0.5 (EtOAc/petrol 1:3). and HCl (conc., 1.8 mL) for 10 minutes to form an amalgam. A green solution of CrCl 3 (21.5 g) in H 2 O (72 mL) and HCl (conc., 14.4 mL) was then added to the amalgam and CO 2 (g) was bubbled through the mixture. When the supernatant turned a vibrant blue color it was ready for use. The blue supernatant of the CrCl 2 solution (60 mL), prepared above, was added to a solution of the aldehydes prepared earlier (2.3 g, 5.16 mmol) in acetone (100 mL) which was then left to stir overnight. The acetone was evaporated under nitrogen and EtOAc (200 mL) and H 2 O (200 mL) were added. The aqueous phase was extracted with EtOAc (3 × 200 mL) and the combined organic phases were washed with NaHCO 3 (saturated aqueous solution, 100 mL), brine and dried over MgSO 4 . After filtration the solvent was removed under reduced pressure to afford the desired saturated aldehyde 20 (2.06 g, 92%) as a white amorphous solid. (246 mg, 0.987 mmol) and zinc (77.4 mg, 1.18 mmol) in THF (3.1 mL) was stirred at room temperature for 2 hours and then cooled to -10°C and stirred for 30 minutes. This was then transferred via cannula into a solution of the α-epoxide (176 mg, 0.394 mmol) in THF (3.9 mL) also at -10°C, and the reaction was monitored by TLC analysis. After 20 minutes PHT (585 mg, 1.18 mmol) was added. The reaction mixture was then allowed to warm to room temperature and stirred for 30 minutes. By this time the reaction was complete by TLC analysis and the reaction mixture was poured onto ice cold HCl (2M aqueous solution, 10 mL) layered with EtOAc (10 mL). The aqueous phase was extracted with EtOAc (3 × 20 mL) and the combined organic extracts were washed with H 2 O (20 mL), Na 2 S 2 O 3 (saturated aqueous solution, 20 mL), NaHCO 3 (saturated aqueous solution, 10 mL) and brine. After being dried over MgSO 4 and filtered, the solvent was removed under reduced pressure and the residue chromatographed (silica gel, EtOAc/petrol 1:2) which afforded the desired mixture of bromo aldehydes 21 and 16-epi-21 (4:1, 148.0 mg, 71%) followed by the alcohol (11.4 mg, 6%) corresponding to aldehyde 20. R f 0.4 (EtOAc/petrol 1:1 
Methyl ent-16β-bromo-13,19-diacetoxy-17-hydroxy-19,20-cyclogibberellan-7-oate (22).
Bromo aldehyde mixture 21 plus 16-epi-21 (1.04 g, 1.98 mmol) was taken up in DME (50 mL) and the solution cooled to 0°C. Finely ground NaBH 4 (112.3 mg, 2.97 mmol) was added and the suspension stirred for 30 minutes by which time TLC analysis indicated that all of the starting material had been consumed. The reaction mixture was diluted with EtOAc (50 mL) and HCl (1M aqueous solution) was added in a dropwise fashion until all of the remaining NaBH 4 was quenched. The aqueous phase was re-extracted with EtOAc (2 × 100 mL) and the combined organic phases were washed with H 2 O (3 × 100 mL), brine and dried over MgSO 4 . After filtration, the solvent was removed under reduced pressure and the crude matarial was chromatographed (silica gel, EtOAc/petrol 1:2) which afforded a 6:1 mixture of the bromo alcohol 22 with its 16-epimer (0.92 g, 64%). R f 0.4 (EtOAc/petrol 1:2). 1 
Methyl ent-16β-bromo-13,19-diacetoxy-12α,17-epoxy-19,20-cyclogibberellan-7-oate (23).
The mixture of bromo alcohols 22 (662.9 mg, 1.26 mmol) was taken up in DCM (10 mL) and benzene (30 mL) followed by the addition of PhI(OAc) 2 (1.22 g, 3.77 mmol) and I 2 (0.894 g, 3.52 mmol), then subjected to photolysis (250W tungsten lamp) for 45 minutes. The reaction mixture was diluted with EtOAc (50 mL) and washed with Na 2 S 2 O 3 (saturated aqueous solution, 50 mL). The aqueous phase was re-extracted with EtOAc (2 × 50 mL) and the combined organic extracts were washed with H 2 O (100 mL), brine, dried over MgSO 4 
. A suspension of activated zinc (1.02 g, 15.7 mmol) in a solution of the cyclic bromo ether 23 (349.9 mg, 0.666 mmol) in DMF (6 mL) was cooled to 0°C. This was followed by dropwise addition of HCl (5M aqueous solution, 9 mL) and the mixture stirred for 70 minutes. The reaction mixture was then diluted with EtOAc (50 mL) and washed with H 2 O (50 mL). The aqueous phase was re-extracted with EtOAc (2 × 50 mL) and the combined organic extracts were washed with H 2 O (20 mL) and brine (20 mL). The organic phase was dried over MgSO 4 , filtered, and the solvent was removed under reduced pressure. The residue was chromatographed (silica gel, EtOAc/petrol 1:2) to afford the desired alcohol 24 (255.5 mg, 86%) as a white amorphous solid. R f 0.2 (EtOAc/petrol 1:2). Methyl ent-13,19-diacetoxy-12α-tetrahydropyranyloxy-19,20-cyclogibberell-16-en-7-oate. A solution of alcohol 24 (163 mg, 0.365 mmol) in DCM (5 mL) was treated with dihydropyran (100 µL, 1.09 mmol) and pyridinium p-toluene sulfonate (a few crystals). The mixture was stirred at room temperature overnight. Although TLC analysis indicated that some starting material was still present the reaction mixture was diluted with ether (50 mL) and washed with brine. The aqueous phase was extracted with ether (2 × 10 mL) and the combined organic phases were dried over MgSO 4 , filtered and the solvent removed under reduced pressure. The residue was chromatographed (silica gel, EtOAc/petrol 1:3) with the desired protected alcohol eluting first (141.3 mg, 90%) as a white amorphous solid, followed by recovered starting material A suspension of the THP ether prepared above (141.3 mg, 0.266 mmol) and K 2 CO 3 (anhydrous, 438 mg, 3.17 mmol) in MeOH (anhydrous, 6 mL) was stirred at room temperature for 48 hours. The reaction mixture was diluted with EtOAc (10 mL) and HCl (1M aqueous solution, 3 mL) was added and the mixture stirred for 30 minutes. This was followed by extraction with EtOAc (3 × 30 mL) and the combined organic phases were washed with brine and dried over MgSO 4 . After filtration, the solvent was removed under reduced pressure and the residue was then subjected to chromatography (silica gel, EtOAc/petrol 3:1) which afforded the title diol (82.6 mg, 70%) as a white amorphous solid. R f 0.4 (EtOAc/petrol 3:1). . After 1 hour the reaction was complete, so the reaction mixture was diluted with ether (10 mL) and treated with NaOH (1M aqueous solution, 5 mL) and stirred for a further 10 minutes. The entire mixture was extracted with ether (3 × 10 mL) and the combined organic extracts were washed with NaOH (1M aqueous solution, 10 mL), H 2 O (10 mL) and brine (10 mL). The organic phase was dried over MgSO 4 , filtered and the solvent was removed under reduced pressure to afford ketone 25 (66.7 mg, 81%) as a white amorphous solid. R f 0.6 (EtOAc/petrol 3:1). and dry KH (large excess, prepared by washing 3 × with petrol 60-80°C while under nitrogen and then putting under vacuum for 10 minutes) in DMF (dry, 2.7 mL) was degassed by evacuating under high vacuum and re-filling with N 2 (3×). THF (2.7 mL) was added and the mixture was cooled to 0°C and stirred for 2 hours. The mixture was then degassed by evacuating under high vacuum and refilling with N 2 (3×) before O 2 was bubbled through the reaction mixture for 1 hour. The reaction was purged with N 2 , then quenched with MeOH (5 mL) and the solvent was removed under reduced pressure. The residue was taken up in EtOAc (10 ml), washed with H 2 O (2 × 10 mL) and the aqueous layer then re-extracted with EtOAc (2 × 10 mL). The combined organic extracts were washed with K 2 PO 4 (20% aqueous solution, 10 mL), brine, and dried over MgSO 4 . After filtration, the solvent was removed under reduced pressure to afford hydroxy lactone 26 (48.3 mg, 97% yield, crude) which was characterized as the dimethyl ester of the tautomeric aldehyde. A portion of 26 (20 mg) was taken up in MeOH and treated with CH 2 N 2 (1 mL) for 30 minutes. The excess CH 2 N 2 was evaporated under a stream of N 2 and the residue was chromatographed (silica gel, EtOAc/petrol 1:1) which afforded the desired dimethyl ester 181 (9.0 mg). R f 0.66, 0.60 (EtOAc/petrol 1:1). 1H NMR (300 MHz, CDCl3) δ 1.10 (3H, s, H18 ent-13,20-Dihydroxy-12α-tetrahydropyranyloxygibberell-16-ene-7,19-dioic acid 19 ,20-lactone 7−methyl ester. A solution of hydroxy lactone 26 (10 mg, 0.0210 mmol) in anhydrous dimethoxyethane (0.5 mL, distilled from CaH 2 ) was cooled to 0°C. Finely ground NaBH 4 (7.0 mg, 0.071 mmol) was added and the mixture was allowed to warm to room temperature and stirred overnight. The solvent was removed under reduced pressure and the residue was dissolved in EtOAc (10 mL), washed with KH 2 PO 4 (20% aqueous solution, 5 mL), brine and dried over MgSO 4 . Following filtration, the solvent was removed under reduced pressure and the residue was chromatographed (silica gel, EtOAc/petrol 2:1) to afford the 12-THP-ether of lactone 27 (5.4 mg, 56%). R f 0.3 (EtOAc/petrol 2:1).
was diluted with EtOAc (5 mL) and the entire mixture was washed with H 2 O (5 mL). The aqueous phase was re-extracted with EtOAc (2 × 5 mL) and the combined organic extracts were washed with H 2 O (2 × 5 mL) and brine. The organic phase was dried over MgSO 4 , filtered and most of the solvent removed under reduced pressure upon which H 2 O (5 mL) was added and the remainder of the organic solvent removed under reduced pressure and the resulting solution was freeze dried. The desired aldehyde 28 was obtained as a white solid (3.5 mg) and the 1 
